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UNDULANT FEVER
A REPORT OF THREE CASES OCCURRING IN CONNECTICUT
FRANCIS G. BLAKE AND HARRY C. OARD
During the last four years a considerable number of case reports
of undulant fever in the United States, apparently caused by infec-
tion with B. abortus, have appeared. Kern' has recently reviewed
the literature of the subject and reported two additional cases, the
first to be recognized in Pennsylvania. He especially calls attention
to the fact that since the first proven case in this country was reported
by Keefer2 in I924, less than forty additional cases have been pub-
lished in the American literature. He believes that this is due not
to the rarity of the disease but to the lack of what he terms "clinical
consciousness ofthe disease" on the part of physicians in this country.
That there is a real necessity for the physician, when confronted
by obscure fevers, to be on the watch for undulant fever is well
attested by the cases here reported.
The first case in Connecticut was reported in I9243 and is here
reported again in greater detail. Since then ten or twelve additional
cases have been recognized in this state4. The three cases reported
below were patients observed on the medical service of the New
Haven Hospital. For much of the clinical data in Case 2 the
authors are indebted to Dr. George Blumer.
CASE I (HISTORY NO. 263I7)
History: The patient was a male, aged 27, single, carpenter,
born in Poland, emigrated to the United States in I917, and a resi-
dent of Connecticut for eighteen months. He was admitted to the
New Haven Hospital on July 8, I924 complaining of fever, night
sweats, and general malaise. Two weeks before admission he began
to feel feverish and chilly and developed a slightly productive cough.
He had severe sweats usually about 4:oo A.M. The cough stopped
after a week but the fever continued. He became increasingly
weaker and had lost fifteen pounds in weight at the time of admis-
sion. There were no other symptoms. He had previously been
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well except for acute mastoiditis, with operation, seven years ago and
tonsillectomy one year ago. The family history was unimportant.
Careful inquiry revealed that prior to admission he had been
employed six months in a local abattoir where his job was confined
to handling pig carcasses. Part of the day he was cutting meat in
the cooler, and part of the day he was scraping pig's ears in the
cleaning process after slaughtering. He had consumed no goat's
milk, and, so far as could be learned, all milk used by him was either
boiled or pasteurized3.
Physical Examination: The patient was a well developed and
well nourished male, perspiring freely, but he did not appear very
ill. The remainder of the examination revealed nothing of impor-
tance.
Laboratory Procedures:
Urine: amber; acid; specific gravity I.025; no sugar or al-
bumin; sediment, negative.
Blood: R.B.C., 4,I60,000; Hgb. 90%; W.B.C., 5,280; poly-
morphonuclears, 70%; lymphocytes, 27%; large mono-
nuclears, 3%.
Blood Wassermann: negative with both alcoholic and choles-
terinized antigens.
Widal tests: (July ii, I4, i6, and August 2), no agglutina-
tion with B. typhosus or B. paratyphosus A and B.
Stool examination: negative.
Stool cultures: (July I4 and I7), negative for pathogenic or-
ganisms.
Urine cultures: (July I2, 14, I7, and 25), negative.
Blood cultures: repeatedly positive from July i i to Aug. 8,
subsequently negative (Chart I). The organism obtained
in the positive cultures showed the morphological and cul-
tural characteristics of the melitensis-abortus group. Fur-
ther studies of this organism are presented below.
Roentgenogram of chest: negative.
Course: The symptoms while in the hospital were very mild.
They consisted chiefly of anorexia, night sweats, and weakness. The
course of the fever, which is shown in Chart I, was characteristic of
undulant fever. The white count gradually increased to as high as
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9,000 on Aug. I3, due to an increasing lymphocytosis, the differ-
ential count on this date showing 38% polymorphonuclears, 58%
lymphocytes and 4% large mononuclears. Subsequently it gradu-
ally returned to normal. There were no complications. The pa-
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Chart I. Case i. Course of fever and results of blood cultures.
tient was discharged well fifteen weeks after admission. He was
seen three months after discharge and stated that he had remained
well and had been working daily.
Final diagnosis: Undulant fever.
CASE 2 (HISTORY NO. 61447)
History: The patient, who was a white, American-born factory
and farm owner, aged 57, was admitted to the New Haven Hospital
on August II, I927 complaining of fever. His wife stated that he
had been losing weight and had not been in his usual health since
April I926. On June I5, 1927, he took some children to the circus
where he was bitten by mosquitoes. Four or five days later he be-
gan to feel sleepy and languid. He was better in the morning and
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worse at night. These symptoms continued for two or three weeks.
He then took his temperature and found that it was I04.4° in the
afternoon. The same day, about July 7, he had a chill in the after-
noon, another at night, and a third one the following morning. After
the chills he sweat profusely. Although there were no more chills,
he continued to run a fever ranging from IoI° in the morning to
I02.6° in the afternoon in spite of doses of quinine sufficient to cause
tinnitus. He also had chilly sensations and profuse sweats usually
in the early morning hours. He had no headaches. At times he
had a feeling of distress in the epigastrium which radiated under the
sternum so that he had a sensation of substernal pressure and sore-
ness. He had lost about twelve pounds. He was distinctly more
exhaustible than normal and was somewhat dyspnoeic. His appe-
tite was poor but he had no nausea or vomiting. The bowels were
fairly regular. There had been no urinary symptoms, no swelling
of the ankles, no joint symptoms. He slept poorly. Except for
five days immediately following the chills and fever on July 7, the
patient had not been confined to bed.
His past history was essentially negative. He was accustomed
to drink considerable raw cow's milk which was produced on his
farm.
Physical Examination: The patient was well developed and well
nourished and appeared neither acutely nor chronically ill. The
throat was slightly injected. The rest of the examination was es-
sentially negative.
Laboratory Procedures:
Urine: amber; acid; specific gravity I.022; faint trace of al-
bumin; no sugar; rare leucocytes in sediment.
Blood: R.B.C., 3,900,000; Hgb., 70%; W.B.C., 4,000; poly-
morphonuclears, 63%; lymphocytes, 26%; large mononu-
clears, i i%o; smear normal.
Stool examination: (3) negative.
Blood Wassermann: negative with both alcoholic and choles-
terinized antigens.
Blood cultures: (August iI, I5, I7, and 25). From the first
two and from the fourth a Gram-negative bacillus was re-
covered which grew slowly on blood-free media and which
was agglutinated by the patient's serum in a dilution of i to
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i280, and by B. abortus anti-serum to the same titre. The
third culture showed no growth.
Urine culture (catheterized): A small Gram-negative bacillus
was recovered which did not agglutinate with the patient's
serum or with B. abort-us anti-serum.
Stool cultures: negative for B. typhosus, B. paratyphosus A
and B and for B. abortus.
Agglutination test: Patient's serum with stock strain of Br.
melitensis (Aug. I5 and 25) positive in dilutions of i to
2560.
Roentgenological Studies: Stereoscopic examination of the chest,
six foot plates of the heart, complete gastro-intestinal studies follow-
ing the ingestion of a barium meal, and plates of the teeth were all
negative.
Course: During his two weeks' stay in the hospital the tempera-
ture showed wide daily fluctuations ranging from normal or 99.60
in the morning to I020 and I030 at four in the afternoon. The
pulse showed a corresponding fluctuation. The entire absence of
physical findings and the slight discomfort experienced by the pa-
tient in spite of the severe fever were important features of his ill-
ness. At the end of the first week the leukocytes numbered 3,000,
with essentially no change in the differential count. The erythro-
cytes had increased to 4,900,000. He was discharged at the end
of the second week to be cared for at home. The following report
was received from his physician4:
I saw him after he left the hospital on August 30,
1927. He was then in a period of exacerbation which had lasted
over two weeks. The afternoon temperature was lower than it had
been in the previous exacerbation while he was in the hospital. The
maximum was about 1020 and he was less chilly and uncomfortable.
"Physical examination was still negative. He was flushed when
I saw him in the afternoon, but not toxic-looking. The tongue was
slightly coated. The spleen was not palpable; there was no skin
eruption.
"On September 26 I received a letter from Dr. A. J. Tenney,
his family physician, stating that his afternoon temperature was then
running a little over 990. He was stronger and felt able to go
about, but as his heart was somewhat irregular Dr. Tenney was keep-
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ing him quiet. His appetite had greatly improved. Under date
of October 5, I927, I had another letter from Dr. Tenney saying
that the patient's appetite was now recovered, that he was growing
stronger, but that his heart was still somewhat weak and irregular.
I subsequently saw Dr. Tenney and he reported no further relapses
and complete recovery."
Final diagnosis: Undulant fever.
CASE 3 (HISTORY NO. 75955)
History: The patient, a white, American-born male, aged 3I, a
machine worker, was admitted to the New Haven Hospital on Au-
gUSt 22, I928 complaining of diarrhea and fever. During the four
days previous to the onset of the illness, in May I928, the patient
had been in New Jersey inspecting a factory machine installation.
During this time he drank about a quart of milk daily with his
luncheon at the factory lunch counter. It was not learned whether
the milk was raw or pasteurized. On the morning following his
return to New Haven, June i, he had several loose, watery bowel
movements. These recurred every day up to the time of admission
with the peculiarity that the diarrhea was confined to the morning
hours only. Typically, he would be awakened about six o'lock in
the morning by mild, colicky, abdominal pain, and from that time
until noon there would be five or six watery movements. During
the remainder of the day and night he would be undisturbed.
Neither blood nor mucus was seen in the stools. From the onset he
thought that he had had an afternoon fever, and there had been
nocturnal sweats and persistent thirst. Although there had been no
true chills, he felt chilly in the afternoons. The appetite was di-
minished. By eliminating meat from the diet he thought there was
moderate relief. He had lost fifteen pounds since the onset. He
had not gone to bed but had been forced to give up work because
of weakness. He felt restless and nervous and slept poorly. There
had been no symptoms referable to the respiratory, circulatory, or
genito-urinary systems.
Since I92I he had been subject to attacks of diarrhea about twice
a year. These attacks lasted two or three days without other symp-
toms. Otherwise his health had always been excellent. He had
never been out of this country. Before his illness he was accus-
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tomed to drink considerable cow's milk but had taken no goat's milk,
and his diet had not been unusual in any other respect. So far as he
knew none of his associates and no member of his family was suffer-
ing from a similar illness.
Physical Examination: The patient was a well developed, well
nourished, young man who appeared moderately ill. The face was
flushed. The tip of the spleen was felt at the costal margin. The
remainder of the examination was entirely negative. Proctoscopic
examination was essentially negative.
Laboratory Procedures:
Urine: cloudy; acid; specific gravity I.oo5; no albumin or
sugar; sediment, negative.
Blood: R.B.C., 5,IO0,ooo; Hgb., 95%; W.B.C., 5,200; poly-
morphonuclears, 64%; lymphocytes, 3I%; large mononu-
clears, 5%7,; eosinophiles, none; smear normal.
Stool examination: (5) negative.
Stool culture: negative for B. typhosus, B. paratyphosus A and
B. and B. dysenteriae.
Tuberculin test: positive reaction in 24 hours to o.i mg. of
old tuberculin.
Blood Wassermann: negative with both alcoholic and choles-
terinized antigens.
Widal: no agglutination with B. typhosus and B. paratypho-
sus A and B.
Agglutination test: patient's serum with B. abortus (Sept. lO
and ii) positive in dilutions of i to 640.
Blood culture: (August 25) no growth.
Roentgenological studies: Examination of the colon following
barium clysma was negative. Stereoscopic examination of the chest
showed no evidence of tuberculosis. Fluoroscopic and radiographic
examination of the gastro-intestinal tract following ingestion of a
barium meal was negative. In the films it was noted that the spleen
was considerably enlarged. The splenic flexure was depressed to
the level of the hepatic flexure.
Course: The temperature chart is appended. (Chart II). The
pulse fluctuated with the temperature. During the first ten days
the spleen became more readily palpable, but thereafter it could not
be felt. He continued to have two or three small bowel movements
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a day, but these were unaccompanied by any distress. As the tem-
perature subsided he gained weight rapidly. While the temperature
was elevated he experienced a chilly sensation and sweat profusely in
the early morning hours. The good general appearance, however,
and the comparative well-being of the patient in spite of the elevated
vital signs were distinct features of his illness. Moderate leukopenia
persisted, with a gradual increase of lymphocytes, up to the end of
the second week at which time they reached a maximum of 62 per
cent. On discharge, at the end of the fourth week in the hospital,
physical examination was essentially negative and the patient had no
complaints.
When seen in the out-patient department on October I7,' I928,
he had gained twenty pounds, said that he had been working for
three weeks, and felt in excellent health and spirits. There hadbeen
no recurrence of the diarrhea; although if he smoked a cigarette
after breakfast, it caused his bowels to move several times in the
following hours. Physical examination at this time was entirely
negative.
Final diagnosis: Undulant fever.
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Chart II. Case 3. Course of fever.
DISCUSSION
The not infrequent occurrence of undulant fever in the United
States has been well established by the many cases reported during
the last few years and is now widely recognized. At the present
time interest is centered not in the clinical features of the disease,
which appear to present nothing unusual, but in the sources of the
infection and in the identity of the organisms etiologically concerned.
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In I886 Bruce5 isolated an organism, which he named Micrococ-
cus melitensis, from fatal cases of Malta or undulant fever, a disease
of frequent occurrence in many parts of the Mediterranean littoral.
Through the work of Bruce, and subsequently of many others, this
organism was thoroughly established as the bacterial incitant of un-
dulant fever, the usual source of infection was found to be goat's
milk, and the goat was shown to be the natural host of the parasite.
In I897 Bang discovered B. abortus, the cause of bovine infectious
abortion, but not until I9I8 was the close relationship of B. abortus
and M. melitensis recognized. At this time Evans" pointed out
the very close similarity that existed between these two organisms
with respect to their morphological, serological and biological char-
acteristics. In fact, so close is this relationship that Brucella meli-
tensis, as it is now called, and B. abortus are considered to belong to
the same bacterial species. In addition to these strains of caprine
and bovine origin, respectively, there is at least one other variety
which is derived from swine and was first described by Good and
Smith7 in I9I6 as the cause of infectious abortion in sows.
There would appear to be, therefore, at least three animal species
which harbor Br. melitensis-abortus organisms, any one of which
might conceivably be the source of human infection,-in the case of
goats and cattle through the ingestion of infected milk, in the case
of swine through the handling of infected pork products. As stated
above it has long been established that goat's milk frequently con-
tains Br. melitensis. It is likewise well established through the
studies of Schroeder and Cotton8, Fabyan9, Zwick and Krage10, Ken-
nedy1", and many others that cow's milk is frequently infected with
B. abortus. In a recent report McAlpine and Mickle'2 have shown
that 90 per cent of the herds in Connecticut are infected with B.
abortus and since only 6o per cent of the milk in this state is pas-
teurized, there is obvious opportunity for infection.
Although it is well known that caprine strains readily infect
human beings, it is as yet uncertain whether both bovine and porcine
strains are equally able to adapt themselves to the human host and
produce undulant fever. Since goat's milk would appear to be an
improbable source of infection in many of the cases arising in this
country, it has become of great importance to establish, if possible,
the identity of organisms of the melitensis-abortus group isolated
from patients with undulant fever, in order that the source of infec-
136UNDULANT FEVER
tion may be established. The differentiation of caprine, bovine, and
porcine strains has consequently received much study. In general,
three methods of differentiation have been employed,-pathogenic-
ity for guinea pigs, agglutinin-absorption tests, and studies of the
C02 requirements for growth and metabolic activities during growth
in culture.
The first method has been used particularly by Theobald
Smith3. While there has as yet been no general agreement in the
results obtained by different workers, the evidence presented by
Smith would seem to indicate that in their pathogenicity for guinea
pigs bovine and porcine strains differ, the latter being somewhat
more virulent and tending to produce focal proliferative lesions with
central suppuration and necrosis, the former producing smaller focal
proliferative lesions without suppuration or necrosis. The most
satisfactory results are obtained when minute doses of freshly iso-
lated cultures are employed.
The agglutinin-absorption test has been especially advocated by
Evans'4. Here again there has been no close agreement in the re-
sults reported by different workers, but it would seem probable that
melitensis and abortus strains can be satisfactorily differentiated by
this method. On the other hand it apparently has been impossible
to distinguish between bovine and porcine strains of B. abortus by
this technic.
The third method hasbeen extensively investigated by McAlpine
and Slanetz'". It has been well known for many years that freshly
isolated strains of B. abortus (bovine) grow very slowly or not at all
in unsealed, cotton-plugged culture tubes, that they grow better in
tightly sealed tubes, and that their growth is greatly stimulated by
an atmosphere containing io per cent carbon dioxide. These auth-
ors have shown that Br. melitensis and B. abortus (porcine) are not
so fastidious and grow readily under ordinary aerobic conditions.
They have furthermore shown that their growth is not accelerated
but partially inhibited by io per cent carbon dioxide. They have
also found that B. abortus (bovine) on the one hand may be differ-
entiated from B. abortus (porcine) and Br. melitensis. on the other
through differences in the utilization of glucose.
As pointed out by Evans'4 in 1924 there had been up to that
time much presumptive evidence that B. abortus might cause undu-
lant fever in man, but the first instance in which the identity of the
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organism was established was reported by Keefer2 in that year. Al-
though Evans identified the organism in this case as B. abortus by
means of the agglutinin-absorption techniic and considered it to be
bovine in origin, it is of importance to recall that this test apparently
does not distinguish between bovine and porcine strains and to note
that Smith"3 subsequently submitted this same organism to the
guinea pig test and found that its pathogenic properties more closely
resembled those of the porcine variety than those of the bovine.
The second case in this country in which the identity of the or-
ganism isolated was extensively studied was Case i of this report.
The organism was sent to the Hygenic Laboratory in Washington,
D. C., and was there identified as B. abortus by means of agglutinin-
absorption tests3. It was also sent to Dr. Theobald Smith who has
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Fig. i. Agglutinin-absorption tests with organism from Case i, with Br. melitensis, and
with B. abortus (bovine).
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Strains: Z = patient's organism, M = Br. melitensis, A = B. abortus (bovine).
The agglutinin titre of each serum for each organism before absorption is shown by
the total length of the columns. The titre of each serum for each organism after absorp-
tion by each strain is shown by the length of the solid columns.
a
0
Z
ts. -2
0
(a A SERUn. AS.
AAl Z
I
138UNDULANT FEVER
reported'3 the results of guinea pig inoculation tests. The lesions
produced differed from those commonly produced by bovine strains,
and resembled those caused by porcine strains. Orcutt'6 has re-
ported on cross agglutinin-absorption tests with this strain and bovine
and swine strains of B. abortus. All three appeared identical.
Agglutinin-absorption tests were also carried out by us. The or-
ganism from the patient (Strain Z), known strains of B. abortus
(bovine) and of Br. melitensis, the patient's serum, antiabortus
serum (bovine) and antimelitensis serum were used. The results
are shown in Fig. i.
From Fig. i it is clear that the patient's serum was equally and
completely absorbed of all agglutinins for all three strains by the
patient's strain, Z, and by B. abortus, but that Br. melitensis, while
completely absorbing the agglutinins in the patient's serum for it-
self, only partially reduced the agglutinins for the patient's strain
and for B. abortus. Essentially the same phenomenon is observed
with the antimelitensis and antiabortus serums, even though the ab-
sorption of agglutinins for the absorbing strain was not quite com-
plete in any instance. The results indicate that the patient's strain
Z is serologically identical with B. abortus and differs from Br. meli-
tensis. It would seem certain, then, that the infecting organism in
Case I was B. abortus. In view of the history of the patient, the
results of the guinea pig inoculations reported by Smith, and the
fact that this strain grew readily under aerobic conditions without
carbon dioxide, it would appear highly probable that the organism
was of porcine rather than bovine origin.
The organism isolated from Case 2 was merely identified in this
laboratory as belonging to the melitensis-abortus group by simple
agglutination tests. It was further studied by McAlpine and
Slanetz'5 (strain 30 in their publication) and found to conform to
B. abortus (porcine) in the carbon dioxide and glucose utilization
tests. So far as known it has not been submitted to the agglutinin-
absorption test, nor has its pathogenicity for guinea pigs been re-
ported upon. While the history of the case suggests that the source
of the infection was cow's milk, this is a mere assumption. The
available evidence indicates that the organism isolated from the pa-
tient was probably of porcine origin. In Case 3 the history likewise
suggests cow's milk as the source of infection, but since no organism
was isolated from the patient the matter must remain uncertain.
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SUMMARY AND CONCLUSIONS
Three cases of undulant fever occurring in Connecticut are re-
ported. In the first case the infection was shown to be due to B.
abortus, probably of the porcine variety. In this case the disease
was presumably contracted through handling fresh pork products
in a slaughter house. In the second case it was likewise found that
the infecting organism was in all probability B. abortus of the porcine
variety. Although the evidence does not exclude the possibility of
its being of caprine origin, this seems highly improbable. In the
third case there is no bacteriological evidence concerning the source
of infection.
In view of the observations in the first and second cases it would
seem unsafe to conclude at present that undulant fever occurring in
the United States is usually due to drinking unpasteurized milk in-
fected with B. abortus (bovine). While it is possible that this may
be so, the facts in the case should be thoroughly established by the
detailed study of all strains of the melitensis-abortus group isolated
from patients. This should indude agglutinin-absorption tests,
guinea pig inoculation tests, and study of the carbon dioxide require-
ments and of glucose utilization. The evidence so far obtained
points toward the possibility that the porcine rather than the bovine
variety of B. abortus is the usual cause of undulant fever in this
country.
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